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Statement of Problem

Advanced communications systems are highly dependent on
the performance of their antennas. Many of these radiating
systems consist of wire elements mounted on ground-based or
airborne vehicles. Even fixed antennas may often be erectec.
near the corner or edge of a building roof or near some
conducting object whose presence affects the radiating

9 characteristics of the antenna. Such systems, consistina C
of wire elements that have a ground plane that cannot be
treated as essentially planar and infinite in extent are not
easily analyzed or designed. Frequently the design process
is interrupted by changes in the mounting vlatform, in the
antenna configuration, or in the operating environment of
the antenna.

To aid in these problems, a two-fold investigation
of the problem of a wire antenna mounted on an arbitrarily
shaped conducting body has been undertaken. First, a nu-

emerical analysis procedure has been developed which models
the wire structures, the conducting surfaces, and the

*. junctions between them. Second, careful experimental
measurements have been made for specific cases of monopole
antennas attached to conducting bodies that model important
practical applications.
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Summary off Important Results

A. Analytical and Numerical Work

The primary thrust of the analytical and numerical
portion of this research is the modelinq of currents in
the neighborhood of wire-to-body junctions. For this
purpose, special basis functions for use in the soluti.;"
of integral equations involving unknown surface and wiw -
currents have been developed. We have shown :rcm a
quasistatic analysis that the radial component ,"
surface current varies as 1/r in the neiahborhood cr :ri<
wire attachment point irrespective of the surface
geometry at the point. For enhanced accuracy, ±nis
variation has been incorporated into the basis functions
representing surface current in the vicinity of the
attachment point.

Numerical solution of integral equations for wire and
surface induced currents by the method of mom2nts
requires the computation of both vector scalar
potentials associated with the currents. The Junction
basis functions have been carefully constructed so thiit
their associated charge distributions and, therefore,
their scalar potential contributions, are identical ro
those of the basis functions representinq the ordinary
surface currents. The computation of vector potential
contributions, on the other hand, required the
development of new numerical and analytical methods.
This involved a major part of the effort since these
integrals are complicated by the fact that the basis
functions are vector-valued, are defined over triangular
patches representing the surface, and have i/r
singularities at the attachment points (assumed to be a-

p triangle vertices). The vector potential integrals also
contain a second singularity whenever the point at which
the potential is being observed falls within the source
triangle. A rather involved combination of analytical

. and numerical techniques has been developed to
efficiently handle the evaluation of such integrals.

As mentioned above, the radial variation of the radial
component of the current near the wire attachment point
is known to be 1/r; the angular variation, however,
depends on the surface geometry at the attachment poinL.
Two different approaches were considered for modeling
this behavior:

i. The region around the attachment point may be
subdivided into small angular regions and
independent junction basis functions may be definedC' for each region. The angular distribution wouidl
then be numerically determined durini the course ot
the solution process. The approach is attractive
in that no a priori assumptions on the current
distribution need be made. However, i has the

a.. . . . -.. . . . . . *.,. 2 . . . . . . ..... . . .. .- I



dual disadvantages "hat a Large number ot ur~n:wn2
must be introduced to model a iunction and t ,.
basis functions are nearly linearly denendert: wi-•
respect to the ordinary surface basis functicn-
near the wire attachment point. The latter
difficulty may be removed by appropriately
discarding or constraining certain basis functions,
but a very involved progrmming logic is required.
For these reasons, this approach was not selected.

2. The angular distribution of the current about the
attachment point is essentially that of the
magnetostatic current distribution on a equivalent
"tangent" geometry at the point. The tanent-"
geometry consists of a conical surface whose
generators are tangent to the actual surfa,:e at ?,ie
attachment point together with a linear filament
current tangent to the wire axis at the attachment
point. The magnetostatic current distribution -r.

-ithis tangent geometry for a unit filament curr; nl

may be easily computed via numerical solution of a
simple integral equation, and the result may be
used to appropriately distribute the current in the
basis functions surrounding the attachment point.
The total axial current entering the wire is then
the only unknown junction quantity that must be.
numerically determined. A minor inconvenience of
this approach is that an auxiliary problem must be
solved. It is possible, however, to incorporate
the solution of the auxiliary problem as a part of
setting up the problem geometry so that it is
independent of the solution step.

In parallel with the effort to develop a numerical technique
- for modeling wires attached to surfaces, a significant effort
. was also made during the project to enhance the capabilities

of the triangular patch surface modeling code. Except as
* noted below, implementation of these improvements has beer, a

joint effort with Dr. William A. Johnson and others at Sandi-.
National Laboratories. Among the advanced features and
enhancements added to the surface patch and wire mudelinc
codes were the following:

Personnel at Sandia essentially rewrote the surface
patch code in a structured programming format in
order to improve its readability and
maintainability.

The code was upgraded to permit the treatment of
multiple conducting bodies and intersecting
surfaces.

-°.6
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The large memory capacity c1 current :ainitrame
computers made it feaible to rnsider 5ri .
number or rreouentiv used ,;uane to imrr-ive
L.fficiency. This mc, ditIcat on and the inc i'.:',

an adapative interatior a ,;orithm conjidcrc-,7:, v
improved the efl iciency .-f the pr.o.oram.

A new program for treating an arbitrary
configuration of wires was developed. Armrn
important features of the new approach are imov:
efficiency, better treatment of mutual couplinq
between closely spaced wires, and a programminu
structure that closely oarallels that f the
trianaular patch code. The two codes were :h'r
merged into a single general-purpose code tor
treating arbitrary configurations of conductinc
bodies and wires.

The capability to treat voltage sources and/or
lumped loads placed across body edges or wire
segments was introduced into all the code.

The capability to exploit any symmetry present in a
scattering or radiation problem was implemented a7
Sandia. The presence of symmetry in a given
problem can significantly reduce the computer
resources necessary to solve the problem. The
present version of these codes permits up to three
mutually perpendicular symmetry planes of either
electric or magnetic type. This capability was
found to be essential in allowing us to compare
calculated and experimental results.

The group at Sandia also developed a capabilitv
Pcompute near fields. The specializations of that

feature required to permit the efficient
computation of far fields was implemented at the
University of Houston.

A very useful interactive geometry generation
program was developed at Sandia. The program
permits an arbitrary conducting body to be built up
out of a number of canonical shapes such as
cylinders, spheres, cones, etc. This new feature,
combined with a graphical representation of surface
patch models, is extremely helpful in setting up
,ometries for numerical solution.

It is anticipated that a version of the code combinin7 all
these features and an accompanying user's guide will be
made available.

.. . °.-



B. Experimental Work

In an attempt to provide accurate verification of rh.
analytical results, as 7eli as data for very so.e::>,
practical cases, the experimental work concentrated .-,r
an investigation of a monopole attached to a conductivn
box. Special attention was aiven to the behavior or [-e
input admittance of the monopole both as a fu..tio:.
the electrical size of the box and the position of thc,
monopole with respect to an edcge or corner. This
configuration closely models the very practical ,am:. *D
antennas mounted on buildings or vehicles.

To facilitate the measurements, a cubical conduct n', ,
was fabricated and mounted on a ground plane. V.- 1,

length monopoles were then mounted on -op of t ti L'.
positions along a line from the center of the bo: 7-,7 re

center of one edge. In a similar fashion the same m:nc
poles were then moved alonr a diaqonal line fr ' m t
center to one corner of the top of the box. m..,
admittance data were carefully taken as a function c-I
frequency near the resonance of the monopole. From th:3
data variations in resonant frequency, peak conductance,
and quality factor were then calculated and their
dependence on feed position and box size deduced.

The details of the experimental apparatus and procedur-e
along with the actual data that was obtained is inciuded
in the appendix of this report. The key results are
tabulated and graphed and empirical insight into the
problem is provided.

In addition, numerically calculated values of admittar:ce
are compared with the experimental data. The correla-
tion was remarkably high for cases for which the patch
size remained small compared to the wavelength. The
details of these comparisons are also shown in the
appendix.

The experimental portion of the work accomplished _
major tasks. The first was its verification of the
ability of the numerical analysis techniques to
accurately model the radiatinQ structure. Secondly, and
perhaps equally important, the data generated allows the
general behavior of the antenna characteristics to be.
predicted empirically as the monopole approaches an edgc
or corner of a conducting body.

8
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... Appendix A

Introduction

The monopole antenna mounted on an infinite ground plane has received much

*" attention in the past, and recently monopole antennas mounted on arbitrary shaped

S""objects have been investigated. This thesis primarily concerns a monopole antenna

mounted on a cubical box over a ground plane. By varying the location of the

antenna on the 'box', the effect on the circuit parameters such as input impedance,

peak admittance, quality factor, resonant frequency and zero crossing of input sus-

- ceptance can be investigated.

In practice, however, antennas are mounted on quite arbitrarily shaped objects

such as aircraft, vehicles, ships, buildings, etc. Even in the case of arbitrarily

shaped objects, the antennas are not always centrally mounted. The objective of

this investigation is to determine how the circuit parameters are affected as the

7 position of the antenna on the object changes, especially near edges and corners

and as the electrical size of the box changes. Monopole lengths of 6 cm, 5 cm, 4

. cm, 3 cm and 2 cm are considered in the investigation.

- M. Matin and M. F. Catedra [1] have discussed the evaluation of input impedance

of a monopole located at any point on a circular disc oriented in an arbitrary
direction using the moment method and geometrical theory of diffraction techniques.

'5o'
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0 The agreement between the numerical analysis and experimental results has been

shown to be excellent in that paper.

D. M. Pozar and E. H. Newman [2] have investigated monopoles mounted near

IP an edge or a vertex of an object. Several others have calculated the input impedance

of a monopole antenna at the center of a finite size ground plane. In this thesis a

comparison of the input admittance of a monopole antenna at the box center over

a ground plane is made with that of a monopole at the center of a finite ground

plane.

K. H. Awadalla and T. S. M. Maclean [31 have investigated the input impedance

of a monopole antenna over a finite size, square conducting plane. The oscillatory

behavior of the input impedance for a quarter wavelength monopole at the center

of a square disc of finite length has been shown in the above mentioned article.

A cubical conducting box over a ground plane was fabricated in such a way as

*I to facilitate mounting the antenna at different locations on the box. The position

of the antenna could be shifted along a line from the center of the box out to the

center of an edge. Also there were provisions to move the position of the antenna

from the center of the box to the corner of the box along a diagonal line.

Admittance plots were obtained using a Hewlett Packard Model 8410B network

analyzer for several different positions of the antenna. From these plots peak ad-

mittance, quality factor and other circuit parameters of interest were computed.

In this thesis an attempt has been made to compare experimental results of input

admittance with that obtained by numerical analysis utilizing a method of moment

technique with triangular patches. A mathematical model of the conducting box

|" was constructed using triangular patches. S. M. Rao, D. R. Wilton and A. W.

Glisson [4] previousl$ developed a numerical technique to solve electromagnetic

scattering problems by surfaces of arbitrary shape using the method of moments.

ii"
i-
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A modified version of this technique contained in the computer code PATCH is

used in the numerical analysis to compute the input admittance of a monopole on

a conducting box.

The impedance matrix was formulated using the electric field integral equation

with an appropriate boundary condition and the unknown currents through the

triangular patch edges were found for a unit voltage source applied at the junction

of the base of the monopole and the top surface of the box. Experimental results

of input admittance were compared with the computed results for several different

positions of the antenna on the box.

II
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- Appendix B

Experimental Procedure

1 0 The purpose of this experiment was to determine and study circuit parameters

such as input admittance, zero crossing frequency of the input susceptance and peak

input conductance of a monopole antenna mounted on a cubical conducting box over

a ground plane as shown in Figure B.1. It was also important to find the effects on

U Ithese circuit parameters due to the changes in the position of the antenna on the

cubical box, because in practice the antennas ,,:e not always centrally mounted on

an object. One other aspect of this investigation was to determine how a monopole

on the box center over a ground plane compares with a monopole at the center of

a finite size ground plane.

The geometry and dimensions of the cubical box are shown in Figure B.1 and

Figure B.2. The box is a 10 cm cube and the ground plane size is 78.0 cm x 78.0

cm. The bottom face of the cubical box is open so that a 50 ohm coaxial cable

can be connected to the antenna probe. There were several pre-drilled holes on the

top surface of the box to facilitate installation of the monopole antenna at different

positions on the box. Figure B.1 shows the distances of those holes with respect

to the center of the box. There are two rows of holes on the box top, one to vary

the position of the antenna along a line joining the center of the box to the center

7-.. 7:'.
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4.7

of an edge and the other to vary the position along a diagonal. Each hole has

been given a name relative to its position from the center (Figure B.2). The hole

at the center of the box is quite appropriately called "center". Holes along a line

joining the center to the center of an edge are called 'center-1','center-2', 'center-3'

and 'center-4', starting with 'center-i' nearest to the center of the box. The holes

along the diagonal are called 'diagonal center-i',...,'diagonal center-5' inclusive, with

'diagonal center-l' being nearest to the center of the box. Distances of all the holes

(feed-positions) from the center of the box are shown in Figure B.1.

The antennas installed on the box over the ground plane were tested using a

Hewlett Packard Network Analyzer. The block diagram for the system configu-

* ration is shown in Figure B.3. The following is a list of equipment used for the

measurements.

HP 9816 Personal Computer

a HP 9121 Disc Drive

HP 7470A 2-Pen Graphics Plotter HP 82905B Printer

HP 8620C Sweep Oscillator with HP 8624A RF Plug-In

EIP 545A Microwave Frequency Counter

HP 8743A Reflection/Transmission Test Unit

HP 59313A HP IB Analog to Digital Converter

HP 8410B Network Analyzer with HP 8414A Polar Display

HP 8411A Harmonic Frequency Converter

HP 779D Coaxial Directional Coupler

The monopole antennas were made of brass rod 1.6 mm in diameter. The lengths

* were fabricated such that the rod projected 6 cm, 5 cm, 4 cm, 3 cm and 2 cm above

the top surface (,, the box . One end of the brass rod was connected to an SMA

coaxial connector (Amphenol Model No. 901-9215). The flange of the connector

r



was connected to the under side of the top plate of the cubical box with four screws.

The monopole antennas were connected to a Hewlett Packard Reflection Test Set
(Model No. HP 8743A) by the coaxial feed cable.

The procedure for taking measurements consisted of selecting a range of fre-

quency to include the first resonance of the monopole, calibrating the Reflection

Test Set with a short circuit load at the end of a 12 cm long, 50 ohm coaxial cable
". and then taking measured values of reflection coefficient at specified intervals sweep-

ing over the frequency range. This process was fully automated using a Hewlett

* Packard 9816 computer. The software for this automated measurement capability

was written by Dr. WUliam F. Richards of the University of Houston. Some of
bthis software was then modified by the author of this thesis. The impedance and

admittance values were computed from the measured values of the reflection coeffi-

cient and were stored on diskettes for future use or for plotting admittance versus

frequency and Smith chart plots.

A 60 cm x 60 cm ground plane was constructed to take admittance measurements

. iof approximately the same lengths of monopoles at the center of this ground plane.

This was done to compare admittance values of monopoles over the ground plane

* mwith that of a monopole at the center of the box over a ground plane.

The explanation of the captions for admittance versus frequency plots is as fol-

lows. The position of the monopole antenna on the box top along a line from the

center of the box to the center of an edge is denoted as center-l, center-2 etc. There-

fore "6 cm monopole on box center-i" indicates that the monopole is 6 cm long and

it is located at the feed next to the center along a line from the center to the center

of an edge. Similarly the position of the antenna could be varied along a diagonal

lire from the center of the box to the corner and plots of those cases are captioned

as "diagonal center-i", "diagonal center-2" etc.

.............. ..
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App endix C

Experimental Results

The position of the monopole antenna could be varied along a line from the center

of the box to an edge or from the center of the box to a corner along a diagonal. This

allowed us to determine how the impedance or admittance varied as the position of

the monopole antenna was changed. Also monopoles of different lengths were tested

i to investigate the functional dependance of the input admittance on the electrical

size of the box.

Plots of admittance versus frequency for monopoles on a box over a ground plane

are presented in Figures C.1 through C.1O. Figures C.1 through C.10 show input

admittance plots for 6 cm, 5 cm, 4 cm, 3 cm and 2 cm monopoles on the box over

a ground plane as the monopole feed position moves along a line from the center

of the box to the center of an edge or the corner of the box. For each length of

the monopole, two plots of admittance versus frequency are included; one shows

superimposed admittance versus frequency plot as the monopole moves along the

centerline toward the edge and the other for the monopole position moving along

the diagonal toward the corner of the box. For the 6 cm monopole case (Figure

C.2), the zero crossing frequency of the input susceptance increases from 1.138

GHz to 1.164 GHz as the monopole position moves from the center to an edge.

L 10
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This is approximately an increase of 2.3 percent in the zero crossing frequency of

the input susceptance. But as the monopole feed position moves from the center to

the corner along a diagonal (Figure C.1), the zero crossing frequency of the input

susceptance changes from 1.138 GHz to 1.192 GHz which is a 4.7 percent increase.

The admittance plots for the other lengths of monopoles exhibit similar qualitative

behavior and they are shown in Figures C.3 through C.10.

The peak of the real part of the input admittance, which is shown by the solid

line in Figures C.1 through C.10, decreases as the feed position of the monopole

moves away from the center. When the feed position of the 6 cm monopole(Figure

* C.2) moves from the center to the center of an edge, the peak conductance changes

from 46.4 m-mhos to 31.7 m-mhos; a 31.7 percent decrease. But, as the feed position

moves along a diagonal(Figure C.1) from the center to the corner of the box, the

peak of the real part of the input admittance varies from 46.4 m-mhos to 20.9 m-

3 mhos. This is a 55 percent decrease. Figures C.3 thru C.10 show the admittance

plots for 5 cm, 4 cm, 3 cm and 2 cm long monopoles. These plots also show a

decrease in peak conductance as the monopole feed position moves from the center

to the edge cr the corner of the box. The admittance plot for a 2 cm long monopole

is shown in Figures C.9 and C.10 which shows that the peak conductance increases

slightly before it drops as the monopole moves away from the center to either the

edge or the corner of the box. The resonant frequency for a 2 cm monopole is large

and the box edges are electrically larger. Therefore constructive and destructive

interference probably causes this minor deviation to happen.

"* It is observed from the previously mentioned figures that the frequency at which

a peak in the real part of the admittance occurs is different from the zero crossing

frequency of the input susceptance. For this reason, the quality factor '. is defined

to be the ratio of the frequency at which the magnitude of the admittance peaks to
°"

11
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the fractional bandwidth between the 0.707 of peak magnitude points. The quality

factor for different lengths of monopoles and for different positions of the monopole

are computed from the measured data. The effects of position of the monopole

on the quality factor, the zero crossing frequency of the input susceptance and the

peak conductance are shown in Figures C.11 through C.26 for 6 cm, 5 cm, 4 cm,

3 cm and 2 cm monopoles. The quality factor is plotted against distance of the

monopole feed from the center of the box.

It is observed that the quality factor gradually decreases as the feed position

of the monopole moves away from the center. When the feed position of the 6

cm monopole moves from the center of the box to the corner of the box along a

diagonal line (Figure C.11), the quality factor changes from 4.74 to 2.17, which is

*a 54.3 percent decrease. The quality factor decreases from 4.74 to 3.27, which is

only a 31 percent decrease, when the the feed position of the 6 cm monopole moves

3 from the center to the center of an edge. Plots of quality factor versus distance of

feed position from the center of the box for other lengths of monopoles are shown in

*Figures C.12 through C.15. For 5 cm, 4 cm, 3 cm and 2 cm monopoles, the quality

factor plots show some occassional deviations from the monotonically decreasing

I behavior.

The effect of position of the monopole on the peak value of the input conductance

is clearly shown in Figures C.16 through C.20 for different lengths of monopoles.

The peak conductance is plotted against the distance of the monopole from the

center of the box. The peak conductance is maximum when the monopole is at the

center of the box and gradually decreases as the monopole position shifts towards the

* edge or the corner of the box. Again for the 2 cm monopole, the peak conductance

actually increases slightly befiie it sharply falls off as the monopole position shifts

towards the edge or the corner of the box.

12
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The zero crossing frequencies versus distance of the monopole from the cen-
ter of the box are presented in Figu.'es C.21 through C.25 for different lengths of

monopoles. These plots show that the zero crossing frequency of the input suscep-

p tance increases monotonically as the monopole feed moves away from the center

toward the edge or the corner of the box. For the 2 cm monopole, there is a

slight deviation from the monotonically increasing behavior which may be due to

experimental error.

Figure C.26 shows a-plot of peak conductance versus monopole length for two

separate cases. The 'stars' indicate how the peak conductance varies with different

lengths of monopoles at the box center and the 'triangles' are for a monopole at the

center of a finite size ground plane. Both plots show an oscillatory type of behavior.

The zero crossing of input susceptance versus monopole length is shown in Figure

C.27 for monopoles at the box center and monopoles at the center of a finite size

Sground plane. The two curves almost overlap each other and both are monotonically

decreasing in frequency as the length of the monopole increases. It appears that

the monopole at the box center behaves qualitatively in much the same way as the

monopole at the center of a finite sized ground plane.

The comparison of quality factor for the two cases mentioned above, however, is

not so straght-forward because the quality factor is a function of both the length

of the monopole and the diameter of the the monopole. In this investigation the

diameter of the antenna did not change. R. W. P. King [51 presented a table listing

the theoretical quality factor of monopole antennas for various h/a ratios where h

is the length of monopole and a is the radius of the monopole. The actual values of

quality factor for the h/a ratios used in the experiment had to be interpolated from

that table. Figure C.28 shows a plot of quality tactor against length of monopole

for three different cases. Stars represent computed values of quality factor for the

13
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monopole at the box center. Computed values of quality factor for monopoles on a

finite ground plane are represented by hexagons and triangles indicate interpolated

values of theoretical quality factor . The quality factor for a monopole at the box

center shows peaks at discrete frequencies whereas the measured quality factors for

the monopole over a finite size ground plane and the theoretical quality factors for
- the monopole over an infinite ground plane ae monotonically increasing functions.

14
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..-. "Appendix D

Numerical Analysis

p. • .

* Rao, Wilton and Glisson [41 introduced a method to find the surface currents on

a scatterer using the electric field integral equation and triangular patch modeling.

The scattered electric field E' can be computed from the surface currents by

E =-jA -Vt

. iwhere A is the magnetic vector potential defined as

A(r) = i - dS
47r. R

and the scalar potential is

:4Or) a --- dS'; R =r I- r'l

where o, is the surface charge density, J is the surface current density, r is the

distance to observation point and r' is the distance to source point. Using the

continuity equation one obtains

V. J = -jWo

By applying the bou -. ary condition

A x(E'+Eo)=o on S

I'. ""43

o

- a IF ' | . . . ..... .. . .



o.J

where 4 is the unit normal to the patch, one obtains

wt. =k-3WA-VI)t.; r onS

The surface of the scatterer is divided into triangular patches and the currents

on S are approximated by the expansion functions Fn as

N
J- I.F.(r)

where n is the number of interior edges. Application of Galerkins' technique results

in

<F,E> = -<F,E> ; =l, ...... N

from which results a linear system of equation which may be solved for the current

coefficients I.. To implement the numerical technique, the box was divided into

triangular patches. Since the current at the base of the monopole is a maximum,

the region around the base of the monopole is divided into smaller triangular patches

u .than the region much further away from the monopole. This triangular patch model

of the box and the monopole antenna are shown in Figures D.1 through D.3. Using

symmetry, only half of the box was modelled to reduce the number of unknown

* currents through the triangular patch edges. A perfect magnetic conducting plane

was assumed at this plane of symmetry. For the monopole position at the box

center and at the center of an edge, the symmetry plane passes through the line

connecting the center of the box to the center of an edge dividing the box in half.

The wire antenna was modelled as a tape subdivided into triangular patches. The

width of the tape is 0.32 cm which is approximately four times the radius of the

wire antenna [5, p. 20]. A perfect electric conducting plane was assumed at the

base of the box to model the ground plane on which the box was mounted.

This triangular patch model ot the box resulted in 97 vertices, 251 edges and 155

faces. The average edge length of the triangular patches was 2.05 cm. The voltage
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S source was applied at the junction between the tape and the top surface of the box

which was designated as edge number 152 when the monopole was at the box center

and edge number 144 when the monopole was at the box edge. Figure D.1 shows

a perspective views of half of the box when the monopole is at the center of the

box. Figure D.2 shows the triangular patch of the model of half of the box with the

. .monopole at the feed position nearest to the edge of the box. The overall model of

*the box and the antenna was generated in the computer using a 'BUILD' code that

was developed by Dr. Bill Johnson of Sandia National Laboratory. These results

were then used as the input data for another computer program called PATCH to

,- determine the currents flowing through the interior edges of the triangular patches.

Since a unit voltage source was applied at the junction, the current flowing through

the base of the tape was the input admittance for the specified frequency.

A completely different model of the box had to be generated for the case in

which the monopole was located at the box comer to take advantage of the new

plane of symmetry which was now along a line joining the center of the box to the

comer of the box. A sketch of this new model is shown in Figure D.3. A perfect

magnetic conducting plane was specified at this plane of symmetry and a perfect

electric conducting plane was specified at the base of the box to account for the

ground plane. There were 104 vertices, 269 edges and 166 faces. The maximum

. edge length was 2.86 cm. A unit voltage source was applied at the junction between

the tape and the top surface of the box at edge number 246.

The tape length was adjusted to account for the different monopole lengths. All

five different lengths of monopoles were considered in the numerical analysis. For

a particular length of monopole the input admittance was determined for several

different frequencies in the range of interest. Lis whole process was repeated
* . for different lengths of monopoles and for the two different models of the box as

A- 45
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mentioned above.

Figures D.4 through D.18 show the numerically calculated data points superim-

posed on experimental plots of admittance versus frequency for the 6 cm, 5 cm,

4 cm, 3 cm and 2 cm long monopoles. For each monopole length a comparison

was made for three different positions of the monopole: at the box center ; at

the box edge; and at the box corner. Figure D.4 shows the comparison between

the computed and the experimental data points when the 6 cm monopole was at

the box center. The agreement appears to be qualitatively very good. The zero

crossing frequency of the input susceptance as obtained by numerical analysis was

approximately 1.17 GHz compared to 1.14 GHz for the experimental case.

The computed value of the peak of the input conductance is almost the same

as the measured value but the peak is slightly shifted to the right. Both curves

qualitatively follow the same general trend. The agreement is excellent up to 1.2

" GHz and then starts to show minor deviations. The agreement for the imaginary

part of the input admittance is also very good for this case. When the monopole

is at the feed position nearest to the box edge(Figure D.5), the agreement between

the numerically calculated and experimental data is reasonably good and qualita-

* .tively follows the same general trend. Figure D.6 shows a comparison between the

calculated and the experimental data for the 6 cm monopole at the box corner. The

agreement for this case is excellent.

." Similar comparisons are made for the 5 cm, 4 cm, 3 cm and 2 cm long monopole

(Figures D.7 through D.18) at the box center, the box edge and the box corner. The

agreement for these cases are not as good as the case for the 6 cm long monopole

and the agreement deteriorates as the monopole length gets smaller. Among several

other thh.gs, the accuracy of this numerical analysis is dependent upon the ratio

of the wave-length to the largest dimension of the triangular patches. A ratio of

46

Fl



wavelength to largest patch dimension above 6 is considered good. As the resonant

* . frequency increases, this ratio becomes smaller affecting the accuracy. This prob-

* lem can be handled by subdividing the box into smaller triangular patches, but

-then the number of unknown currents through the triangular patch edges increases

considerably, requiring substantially more computer time and probably a refined

" .algorithm to solve the large system of equations.

m.

.1.
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Figure D.1: Patch mode4 mionopole at box center, front view

07- 48



LFi

Figure D.2: Patch model; monopole at box edge; front view
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k Figure D.3: Patch model; monopole at box comer, front view
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Appendix E

Conclusion

After the collection of the admittance measurements for monopoles on a con-

ducting box over a ground plane is completed, the significance of all these data

- ishould be addressed. The purpose of all this data collection was to see how the

circuit parameters such as peak input conductance, zero crossing frequency of the

-iinput susceptance and quality factor are affected as the position of the monopole

changes with respect to the center of the box.

From the superimposed admittance versus frequency plots shown in Figures C.1

* through C.10 it is clearly seen that the peak input conductance is a maximum when

the monopole is at the box center and it decreases as the monopole position shifts

away from the center of the box either toward the edge of the box or the corner

of the box. This trend is observed for all lengths of monopoles considered except

for the 2 cm monopole where peak input conductance is not maximum when the

monopole is at the center of the box. Figures C.16 through C.20 also depict how

the peak input conductance varies with the position of the monopole with respect

to the center of the box.

The general observatioh that can be made about the zero crossing frequency of

the input susceptance is that it always increases as the monopole position moves
aN
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away from the center. This is observed in Figures C.1 through C.10 and can be

clearly noticed in Figures C.21 through C.25. This zero crossing frequency of the
input susceptance is minimum when the monopole is at the box center and gradually

increases to its maximum when the monopole is at the comer of the box. Again

there is a small deviation in this trend for the 2 cm monopole which may be due to

experimental error.

Figures C.11 through C.15 show how the quality factor is affected by the position

of the monopole with respect to the center of the box. The quality factor, like the

peak input conductance, decreases as the monopole position shifts away from the

center. The quality factor is a maximum when the monopole is at the center, and

monotonically decreases as the distance of the monopole from the center increases.

In chapter 4, we have discussed computation of input admittance for a monopole

on a box over a ground plane. Figures D.7 through D.21 show comparisons of

measured data to numerically computed ones. The agreement in general is very

good for the 6 cm and 5 cm monopoles. For the 4 cm and smaller lengths of

monopoles the agreement deteriorates. It is likely that one probably needs to use

smaller triangular patches in modelling the box to improve the accurac-:* for the

s smaller monopole lengths.
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